The essential matrix, first introduced by Longuet-Higgins [5] , is a 3 × 3 matrix encoding the relative pose information between two views. Conventional approaches for relative pose estimation is to solve a system of linear equations. The 5-pt algorithm [6] is the current state-of-the-art algorithm in relative pose estimation. It is a minimal-set direct solver which solves the essential matrix as a system of polynomial equations.
illustrates the concept of our iterative 5-pt algorithm. A coordinate frame is chosen such that the z-axis e z joins the two camera centres. In this frame, vectorsv i andv i and e z are coplanar. The goal is to find a rotation for each of the two cameras that maps from their internal coordinate frame to that of Figure 1 . We parametrize the image for each camera as a unit 2-sphere, mapping image points in normalized camera coordinates [x, y, 1] T to unit vectors by dividing by x 2 + y 2 + 1.
At each iteration, the normalized point correspondencesû i ↔û i are left multiplied with the rotations R and R , giving the rotated point correspondencesv = Rû,v = R û . This rotates the two unit spheres, changing the direction of the epipoles. By rotating the unit spheres such that the z-axis e z is aligned with the epipoles, i.e. e z = Re = R e ,v i ↔v i become coplanar with the epipoles e, e . The epipoles can then be computed as e = R T e z , e = R T e z .
The error function to be minimized is based on the idea that if R and R are incorrect, there will be a non-zero angle between the plane defined byv i and e z and the plane defined byv i and e z . We compute this angle by projectingv i andv i onto the x-y plane, using the atan2() function:
where [x i y i z i ] T is the 3-vector of a rotated pointv i . The residual error associated with each rotated point correspondence is then given as
We constrain R to have no component of rotation about its z-axis as two rotations provide 6 degrees of freedom (DOF) but the essential matrix has only 5DOF-there is a rotational gauge freedom about the joint zaxis e z . This gives 5 parameters α j , where α 1−3 represents R and α 4,5 represents R . At each iteration, the rotational parameters are updated as
where G i represents the SO(3) Lie group generators. To update the rotation parameters, the Jacobian of the error relative to α 1−5 has to be computed. Representing the projected point p i as the 2-vector [x i , y i ], the Jacobian is given as
Using the LM algorithm, the change to be applied to the rotational parameters α j is δ = (J T J + λ I) −1 J T r. This process is repeated iteratively until the algorithm converges. Using our iterative 5-pt algorithm as a hypothesis generator within RANSAC, the essential matrix can then be recovered simply from the best hypothesis, with the translationt given by the second epipole e , and the rotation matrix given by R T R.
In our approach, detected inliers can be easily triangulated using cylindrical coordinates. The vectorsv i andv i can be transformed into cylindrical coordinates by dividing by x 2 i + y 2 i and x 2 i + y 2 i respectively. In this coordinate frame, ||x i , y i || = 1 and ||x i , y i || = 1, so the inliers should have x i = x i and y i = y i since inliers have [x i , y i ] pointing in the same direction as [x i , y i ]. The disparity |z i − z i | now encodes the cylindrical radial distance to the point, so setting
gives the coordinates of the triangulated point in the coordinate frame of Figure 1 . This calculation guarantees that p i = p i ± e z because the vector e z represents the motion between the two cameras in the frame ofv i and v i . The coordinates of the triangulated point in the original camera frames can then be recovered by simply multiplying P i and P i by R T and R T , i.e. Q i = R T P i and Q i = R T P i . Full details of our iterative 5-pt algorithm, including the derivation of the Jacobian, implementation details, and comprehensive experiments. In conclusion, the simplicity of the method, coupled with the ability to easily triangulate inlier points, makes it a useful method for relative pose estimation.
